Abstract. In the Mt. Olympos region of northeastern Greece, continental margin strata and basement rocks were subducted and metamorphosed under blueschist facies conditions, and thrust over carbonate platform strata during Alpine orogenesis. Subsequent exposure of the subducted basement rocks by normal faulting has allowed an integrated study of the timing of metamorphism, its relationship to deformation, and the thermal history of the subducted terrane. events affected the lower two structural packages. A fifth event, indicated by diffusive loss profiles in microcline spectra, reflects the beginning of uplift and cooling to T<100-150øC at 16-23 Ma, associated with normal faulting which continued until Quaternary time. Incomplete resetting of mica ages in all units constrains the temperature of metamorphism during continental subduction to T<350øC, the closure temperature for Ar in muscovite. The diffusive loss profiles in micas and Kfeldspars enable us to "see through" the younger events to older events in the high-T parts of the release spectra. Micas grown during earlier metamorphic events lost relatively small amounts of Ar during subsequent high pressure-low temperature metamorphism. Release spectra from phengites grown during Eocene metamorphism and deformation record the ages of the At-loss events. Alpine deformation in northern Greece occurred over a long time span (-90 Ma), and involved subduction and episodic imbrication of continental basement before, during, and after the collision of the Apulian and Eurasian plates. Syn-subduction uplift and cooling probably combined with intermittently higher cooling rates during extensional events to preserve the blueschist facies mineral assemblages as they were exhumed from depths of >20 km. Extension in the Olympos region was synchronous with extension in the Mesohellenic trough and the Aegean back-arc, and concurrent with westward-progressing shortening in the external Hellenides.
INTRODUCTION
During the Alpine orogeny in Greece, the Apulian plate collided with the European plate to form the Hellenic Alps. The latest Cretaceous-Paleocene collision resulted in subduction of continental crust of the leading edge of the Apulian plate [Mercier et al., 1975; Jacobshagen et al., 1978; Burchfiel, 1980 ]. Such continental, or "A-type," subduction [Bally, 1975] has been recognized in many mountain belts where present crustal thicknesses and palinspastic reconstructions require that many kilometers of continental basement have been detached from the sedimentary cover and are apparently missing. A-type subduction can occur in both continentcontinent collision zones such as the Alpine-Himalayan chain [e.g., Trumpy, 1963 , Milnes, 1978 Burchfiel, 1980; Roecker, 1982] and the Scandinavian Caledonides [Gee, 1975; Hodges et al., 1982] , and in non-collisional orogens such as the western North American Cordillera and the Andes [Bally, 1975 ; Roeder, 1988] . The results of A-type subduction, including large-scale crustal shortening and thickening, regional metamorphism, and high topography, attest to its importance as a mountain-building process. Although A-type subduction appears to be a common feature of continental orogens, there are few localities where portions of subducted or partially subducted crust are presently exposed at the surface. As a result, direct observations concerning the thermal and structural evolution of A-type subducfion zones are limited [e.g., Hodges et al., 1982] . In the Alpine system, from the western Alps to the Hellenides, a combination of tectonic denudation and isostatic uplift and erosion has exhumed parts of the subducted plate [Rubie, 1984; Thiebault and Tfiboulet, 1984; Schermer and Burchfiel, 1987; Selverstone, 1988 [Schermer, 1989] . Movement on the Olympos thrust must be younger than the Lutetian flysch that occurs in its footwall [Godfriaux, 1968] 
Previous Geochronological Studies
Previous geochronological studies, summarized in Barton [1976] I 169
Pierien nappes [Barton, 1976; Yarwood and Dixon, 1977; Nance, 1981] , although more than one distinct event may be interpreted from the data [Yarwood and Dixon, 1977] . Prior to this study, there had been no direct dating of blueschist-facies minerals in the Pierien and Ambelakia units; however, a Rb-Sr whole rock date of 39 + 1 Ma by Barton [1976] on phyllonites from the Olympos thrust zone has been interpreted as the age of metamorphism by several authors [Katsikatsos et al., 1982; Vergely, 1984] .
SAMPLE SELECTION AND ANALYTICAL METHODS
Samples for geochronological analysis were collected from the different structural units in an effort to elucidate the complex history of metamorphism, thrusting, and normal faulting.
Samples were obtained from the Infrapierien, Pierien, and Ambelakia units ( Figures 1 and 2) ; however, we were unable to obtain separates of any minerals from the Olympos-Ossa unit or the ophiolite unit. The majority of the samples are mica schists containing phengitic mica that is parallel to the schistosity. Hornblende, muscovite, biotite, and K-feldspar were obtained from granitic gneiss samples of the Pierien unit and hornblende was obtained from amphibolite within the Infrapierien unit.
Standard heavy liquid and magnetic separation techniques were used to separate white mica, potassium feldspar, biotite, and hornblende. Because of the extremely fine grain size (10-100gm) of the majority of the phengites from the blueschists, samples were also hand picked to ensure >99% purity. Nevertheless, in some cases, submicroscopic inclusions of sodic amphibole, sodic pyroxene, or epidote were probably Mo greenschist-amphibolite facies relict S 1 cut by mylonitic S2 M1 blueschist-greenschist transition S2 or S37 foliation only facies, P.--4-6 kb, T~350-500øC weak amphibolite facies fabric, minor M2 same P,T or lower T, accompanied retrogression by mylonitization *Purity of separate and mineral compositions from petrographic and microprobe analysis [Schermer, 1989] ; contaminant given only where sample is not >>99% pure. **S1, S2, S3 refer to regional correlations of fabric-forming events [Schermer, 1989] .
?M1, M2, M3 correlated with deformational events; P-T conditions for each unit from Schermer [ 1989] .
I 170 present as volumetrically minor constituents. It is also possible that more than one composition of white mica was present in some samples, because many samples contain more than one metamorphic fabric. However, electron microprobe analyses and petrographic data [Schermer, 1989] indicate that all samples contain phengitic white mica, except samples P8, P9, P10, and P11 which contain both phengite and muscovite, and that, while phengite compositions vary between samples, the within-sample compositional variation is very limited (with the possible exception of P10, which we have not probed). Potassium feldspars are dominantly microcline, but partially exsolved orthoclase is also present in several samples. [1969] . Where several increments do not statistically der'me a plateau (using analytical errors) but are within 20 error of each other (total error, including error in J-value) so that they overlap on the release spectra, a "near-plateau" age was calculated; the error on this near-plateau age reflects the spread of the increment ages. All ages discussed in this paper are calculated using the decay constants of Steiger and Jaeger [1977] .
The assumption that non-radiogenic Ar is of atmospheric composition is tested by the use of a 39Ar/40Ar-36Ar/40Ar isotope correlation plot [Roddick et al., 1980] , where successive increments having a similar composition of extraneous (non-radiogenic) argon should lie on a mixing line between nonradiogenic Ar of 36Ar/40Ar ratio given by the xintercept and radiogenic 40Ar given by the y-intercept at a 39Ar/40Ar ratio corresponding to the age of the increments. In cases where the non-radiogenic component or components do not appear to have atmospheric composition, we have calculated an intercept age, and have indicated the quality of fit of the regression with the value MSWD [York, 1969] . Plots of K/Ca ratio as measured by 39Ar/37Ar are also shown where the 37Ar peak was large enough to be measured accurately (it is often very small for Ca-poor phases such as muscovite), and where the variation during the course of the step-heating experiment was significant.
All data are corrected for the system blank (atmospheric in composition). Before samples are admitted to the induction furnace it is degasseal by repeated heating to temperatures equal to or in excess of the fusion temperature. Subsequent system blanks are found to be low (-10 -13 moles of 4øAt) and relatively constant over most of the temperature range used for incremental heating. Furthermore, blanks are small relative to the size of most sample increments, generally <1%. Significantly higher and more variable blanks are associated with the first and last increment of any given experiment. We attribute the higher blank in low temperature increments to liberation of Ar associated with the metal foil in which samples are encapsulated. The fusion blank is probably related to Ar diffusion through the pyrex furnace. It is difficult to accurately correct for these blanks because of their variability and it is likely that we have under-corrected for the blanks associated with these increments. This does not appear to be a problem for most samples.
Rb-Sr samples were analyzed in S.R. Hart's laboratory at M.I.T. Sample sizes for Rb and Sr analysis were typically 25-50 mg. Samples were digested in open beakers in an HF-HC104 mixture with spike solution, followed by dissolution in 6.2N HC1. Rb and Sr were analyzed by isotope dilution methods described in detail by Hart and Brooks [1977] . Blanks averaged <300 pg/g for Sr and Rb and are negligible. Sr isotopic compositions were corrected for fractionation using 87Sr/86Sr = 0.1194 and normalized to 0.7080 for E&A SrCO3. Analytical precision for 87Sr/86Sr is <0.005%; Rb/Sr is reproducible to better than 1%.
RESULTS
Data are presented for each structural unit and discussed together in the following section. A brief summary of the metamorphic and structural characteristics of each unit is also given (also see Table 2 ). Table 3 summarizes the interpreted ages of all samples. 40Ar/39Ar incremental heating schedules are presented in Table 4 ; Rb/Sr data are presented in Table 5 . Preliminary Ar/Ar results for some of the samples were reported by Schermer et al. [1989] .
Ambelakia Unit
Three samples collected from the Ambelakia unit show varying degrees of recrystallization and deformation; however, all rocks contain a dominant S2 foliafion plane formed by phengitic micas (Table 2 ). In samples that contain two metamorphic fabrics, both foliations are formed by fine-grained phengites of similar composition and appear to have formed under similar high pressure, low temperature conditions [Schermer, 1989] .
Step heating profiles from micas from the Ambelakia unit are shown in Figure 3 . Sample A1 shows a well-developed plateau at 39.6 + 0.9 Ma. The other two samples show complicated age gradients yielding Oligocene ages for lowtemperature steps and Cretaceous ages for high-temperature steps. Samples A2 and A3 have early Eocene total gas ages of 52.8 _+ 0.7 Ma and 53.5 _+ 1.1 Ma, respectively. The spectrum for A2 appears to level off at 44-55 Ma, while that for A3 increases continuously from 32 Ma to 73 Ma. In both spectra, however, the K/Ca ratio drops sharply and the age increases during the high-temperature steps, possibly indicating that an older mineral of different composition and diffusion Group 1 samples from mylonite zones in the lower part of the unit (Figures 1 and 2) , consist of strongly foliated mylonitized granitic to granodioritic gneiss. Some samples show evidence of two metamorphic foliafions; S1 is isoclinally folded and transposed into S2; however the same mineral assemblage is present in both fabrics. The high phengite content of the micas indicates high pressure conditions of metamorphism, P>6-7 kb [Schermer, 1989] Table 5 and Pierien unit (Figures 1 and 2 The hornblende spectrum shown in Figure 7 is disturbed, and shows a pattern characteristic of excess argon incorporation. However, the minimum (saddle) age of 297 Ma agrees well with the intercept age of 293 + 21 Ma on the ArAr isochron plot, derived from regression of the last eight increments, representing 89% of the gas. The biotite spectrum, while also disturbed, shows a similar age of 291 + 7 Ma in its middle portion. The potassium feldspar shows a strong age gradient from a minimum of 36 Ma to 84 Ma.
The third group of Pierien samples have experienced the most complicated structural history of any of the samples analyzed. In addition to containing mylonitic fabrics apparently related to thrusting, these samples also show a later, more brittle cataclastic fabric related to their proximity to normal faults. Samples P8 and 1 x) are from near the intersection of a thrust between the Pierien and Infrapierien units and a large high-angle normal fatfit which places ophiolific rocks against a variety of strucmrally lower units. Samples P10 and P11 come from granific gneiss <50 m below a low-angle normal fault that places ophiolific rocks of the highest structural unit against a thin sliver of Pierien basement rocks which in turn overlies the Ambelakia units along a thrust fault (Figures 1 and 2) .
In contrast to the compositional homogeneity of the micas in groups 1 and 2, group 3 samples contain two generations of white mica, visible in thin section and hand sample as coarsegrained silver muscovite fish that are surrounded by later finegrained green phengites that parallel the mylonitic foliation. Fine-grained phengite dominates in sample P8; however it was impossible to obtain a clean separate from the crushed grains of the coarse mica (Table 2) . P9-M1 consists of pure coarse (500-1000 I. tm) muscovite, while P9-M2 is the fine-grained phengite from the same rock, with perhaps -2-5% contamination by muscovite M1 (Table 2 ). Sample Pll also shows evidence of two generations of mica formation; although minor coarsegrained muscovite is present (Table 2) , it may contain a substantial amount of 40Ar. Sample P10 contains minor coarse muscovite in hand specimen, however muscovite grains were not observed in the phengite separate.
White mica samples 1'8 and P0 show complicated incremental release spectra (Figure 8) . Muscovites 1'8 and P9-M 1 have ages of 284 Ma and 290 Ma respectively in the high temperature increments, similar to the relatively undeformed samples (t'7) discussed above. The pure muscovite separate, P0-M1, shows a smooth age gradient down to a poorly defined late Cretaceous-early Tertiary age, whereas the mixed muscovite-phengite of P8 is much more complex, containing low-temperature steps at -40 Ma, and a subhorizontal portion of Cretaceous ages in the middle steps, then a rise to Paleozoic high-temperature steps. The complicated release pattern and the variation in K/Ca ratio suggests that this specmnn is the result of degassing of a mixture of white micas of two different compositions and ages. Phengite sample P9-M2 also shows evidence of mixing of two different micas; in addition to hightemperature steps at-290 Ma, there is a distinct level portion at 56.8-58.7 Ma and a gradient down to 38 Ma that is similar to the cleaner phengite separates of group 1 and 2. Phengite sample P10 shows a relatively simple age gradient, from a near-plateau of 58.7 + 1.9 Ma to 42 Ma (Figure 8) . The last --5% gas released is significantly older. The mica separate from P11 shows a complicated profile (Figure 8) , with (1) evidence of a phase of middle Cretaceous age and low K/Ca ratio present in the high-temperature steps; (2) -60% of the gas in the 50-60 Ma range, though not forming a plateau; and (3) a low temperature release near 40 Ma.
The microcline spectra in Figure 8 show saddle-shaped patterns with high-temperature increments that level off to Eocene ages, and minimum ages in the Early Miocene (16-23 Ma). Microcline sample P8 exhibits the smallest effects of excess Ar in low-temperature steps, and also has the youngest high-temperature ages of the three samples.
lnfrapierien Unit
Phengitic micas were separated from coarse mica schists from the Infrapierien unit that is in thrust contact above the Pierien gneisses (Figures 1 and 2 ). This unit shows evidence of at least three periods of deformation and metamorphism, summarized in Table 2 
Summary of Results
Interpreted ages for each structural unit are summarized in Table 3 . The data can be grouped into three types of release spectra: (1) A few samples have well-defined plateaus or isochron intercept ages, including P7 hornblende at 293 Ma The internal consistency of the data set, in particular within the Pierien unit, as well as its agreement with previous studies (Table 1 ) and geologic constraints, leads us to define five "events" during which the Ar system was perturbed due to either crystallization (or recrystallization) of minerals or a thermal pulse and associated cooling: (1) late Paleozoic (~297-284 Ma) closure to Ar diffusion in hornblende, biotite, and muscovite; (2) imprecisely defined resetting during the medial Cretaceous; (3) an event at 53-61 Ma defined by the hightemperature ages in phengites; (4) another Eocene event at 36-40 Ma defined by the low-temperature increments in phengites; and (5) a Miocene event at 16-23 Ma defined by the minimum ages of microclines. The three Ambelakia samples show at least two periods during which Ar ages were reset after their original Cretaceous or older crystallization age; once in early Eocene time, and again in late Eocene or Oligocene time. The Infrapierien phengite samples indicate two periods of growth and/or resetting, the first at ~ 100 Ma, and another during Paleocene to early Eocene time.
We discuss below the mechanism of resetting of Ar ages during events following the first thermal event, which is related to the intrusion of plutonic rocks. The association of metamorphic mineral growth and deformational events identified from geologic mapping and petrographic studies [Schermer and Burchfiel, 1987; Schermer, 1989] We must also consider the origin of the age gradients exhibited by most of the spectra. The presence of the gradients is both problematic, in the sense that these are not easily interpretable spectra; and useful, in the sense that we can gain some insight into the nature of diffusion in phengitic micas and K-feldspar. We discuss several possibilities for the origin of age gradients in the Mt. Olympos samples and conclude that with careful consideration of sample location, texture, composition, and degassing behavior, meaningful thermochronologic information can be obtained from the complicated spectra.
We conclude with a summary of the temperature-time history of this part of the internal Hellenides and discuss the implications of these results for the regional tectonics of the Alpine orogeny in Greece.
Closure Temperatures, Mechanisms of Resetting Ar Ages, and the Discrepancy between Rb/Sr and Ar/Ar Ages
The closure temperature, To, of a mineral was defined by Dodson [ 1973] as the effective transition from open-to closedsystem behavior in a geochronologic system where volume diffusion is the controlling process for the retention of radioactive daughter products. The principal variables that control the Tc of a mineral include the diffusion coefficient at a given temperature, the cooling rate, and the geometry and effective diffusion dimension of the mineral species. Closure temperatures for Ar diffusion in hornblende, biotite, and microcline are estimated to be ~500-550øC, 300-325øC, and 100-150øC, respectively [Harrison, 1981 The factors cited above may in part be the reason for the discrepancy between Ar and Sr dates of samples from near the basal thrust of the Pierien unit [Schermer, 1987] . If the Tc for Sr is higher than that for Ar, we would expect older Sr ages, yet we find Ar ages on white micas (53-55 Ma) that are significantly older than Rb/Sr ages on the same minerals (42 + 1 Ma). Inasmuch as the white micas crystallized at temperatures near or below the Ar Tc (Table 2) Age gradients in white mica spectra: mixing or diffusiveloss? Wijbrans and McDougall [1986] interpret "upward convex" spectra in white micas from Naxos, Greece to be the result of mixing of earlier-formed high-pressure phengites with younger low-pressure muscovites. During the step-heating experiments, the muscovites alegassed at slightly higher temperatures than the phengites, so that the high-temperature portion of the spectrum reflected dominantly muscovite-derived argon. Wijbrans and McDougall [1986] interpret their results to indicate that the older phengite ages were partially reset during crystallization of younger muscovite, producing an age gradient in a pure phengite sample that was a result of Ar loss in the later event. Mixing of the partially reset phengite with younger, undisturbed muscovite results in an age gradient that reflects the proportion of old and young micas in the mixture rather than the characteristics of the diffusive loss event. One point that deserves emphasis here, however, is that the older phengite, if it could be analyzed separately, would display an age gradient, and it is that gradient, when superimposed on the flat spectra of the younger muscovite, that results in a final mixed spectra with an age gradient [Wijbrans and McDougall, 1986 ].
Some of the spectra presented above can be explained in terms of mixing of micas of two different ages, however, other age gradients cannot be explained by mixing. Samples that are known from petrographic examination to be mixtures of older muscovite and younger phengite (e.g., P8, P9-M2, P11) display a double-stepped pattern (Figure 8 ) that seems to indicate that the two micas were partially thermally distinct during the degassing experiment as well as different in age. It is possible that muscovite spectra P9-M1 might be the result of mixing because any contaminating phengite could be extremely fine-grained and would degas at lower temperatures [Wijbrans and McDougall, 1986 ]. This sample, however, is known from hand-picking to contain only muscovite, and other pure samples (e.g., P7-biotite) also display age gradients.
In contrast to the mixed samples, several samples exhibit spectra with plateaus over large portions of the gas released (e.g., P4, P5, A 1), even though they appear texturally complex in thin section, and contain more than one metamorphic foliation with associated phengite. Electron microprobe and petrographic analysis of white micas in these samples and in samples with smooth age gradients (e.g., P1, P2, P3; Figure 4) has shown that each sample contains a very limited compositional range and grain size of phengite [Schermer, 1989] (Table 2) [Schermer, 1989] and independent age constraints from previous work (Table 1) and fossiliferous strata [Godfriaux, 1968] , we interpret the microcline spectra in this study to reflect excess argon superimposed on a diffusive loss profile [Schermer, 1989] . However, with either interpretation, the minimum ages recorded by the saddle portion of the spectra can be interpreted as a maximum age for closure to Ar diffusion in potassium feldspar.
The diffusive loss profiles in the microcline samples from the Mt. Olympos region could be the result of distinct deformational events or slow cooling from the Eocene to the present. Harrison and McDougall [1982] show that at a cooling rate of <5øC/Ma, the -50øC range over which complete closure to Ar loss occurs in potassium feldspar is sufficient to set up age gradients within the grains. If we assume that the profiles have resulted from slow cooling, the high-temperature "upper age" would represent the time that diffusion of Ar in the sample began to slow down, and the minimum age would represent the time of complete closure to Ar loss. The minimum and maximum "cooling rates" (over 50øC) calculated for the microclines analyzed here are 1.25 and 2.3øC/Ma for samples P10 and P1 respectively.
Cooling rates for the Mt. Olympos region are difficult to accurately constrain because the peak temperature reached during blueschist facies metamorphism is poorly known. The presence of lawsonite + pumpellyite in the Olympos flysch and the Ambelakia unit suggests temperatures in those units did not exceed -225øC, while the absence of this assemblage in appropriate bulk compositions in the Pierien unit may suggest temperatures of 250-350øC [Schermer, 1989] . A conservative estimate of the average cooling rate during early to late Eocene time for the Pierien unit of-3-9øC/Ma is calculated from the oldest mica plateau (-61 Ma, P5) and the youngest microcline "upper" age (-45 Ma, P8), assuming 250 + 50øC maximum temperature and 150øC T½ for microcline. A probable maximum average cooling rate of-28øC/Ma is calculated from the phengite (57 Ma) and microcline (50 Ma) of sample P1 cooling from 350øC to 150øC. The minimum average cooling rate from -15 Ma to the present (assuming final unroofing occurred recently) is calculated to be -10øC/Ma from the youngest microcline saddle age (P10).
Are diffusive-loss-profiles the result of slow cooling or discrete Ar loss events? In the Mt. Olympos region, evidence for Ar loss during discrete events comes from detailed mapping and structural analysis, but cooling rates calculated from the Ar data do not rule out slow cooling. Baldwin and Harrison [ 1989] have documented slow cooling rates during Cretaceous subduction in Baja California, and attribute age gradients in phengite spectra to slow cooling. While average cooling rates in the Mt. Olympos region were probably slow, especially during the extended period of high P-low T metamorphism, the evidence for two episodes of Eocene thrusting and two episodes of Miocene and younger normal faulting documented in the field suggests that cooling rates could have been higher during deformational events.
Both underthrusting of cool rocks and exhumation by normal faulting would cause increased cooling rates. The samples that were metamorphosed under blueschist facies conditions during the early Eocene occur in a thrust sheet above fossiliferous middle Eocene flysch [Godfriaux, 1968] (Table 2) . Based on this evidence we interpret the phengite age gradients to reflect partial resetting during deformation (both by diffusive loss during metamorphism and by crystallization that produces mixtures of micas) rather than slow cooling. Several of the microcline samples were collected from immediately beneath normal faults, and contain shear fabrics related to extension, thus we believe that the minimum ages of these feldspar samples indicate an episodic Ar loss event resulting from normal faulting during early to middle Miocene time. Nonetheless, it is possible that the Miocene extensional event was superimposed on a region undergoing relatively slow (average) cooling.
Whether the age gradients reflect Ar loss during metamorphic/deformational events, slow cooling, or mixtures of micas, the correlation of Ar ages with events identified from geologic data is persuasive, and the important tectonic Figures 10 and 11) . The majority of the remaining samples show age gradients from one of these dates to a younger one, depending on the closure temperature of the mineral and in part on the proximity of the samples to major structures. The youngest ages recorded by potassium feldspar minima reflect a frith event, the latest low-temperature "cooling" event that we interpret to be related to normal faulting and uplift of the metamorphic nappes. Figure 10 shows a schematic temperature-time history of the Pierien, Infrapierien, and Ambelakia units derived from consideration of the closure temperatures for various minerals, the metamorphic conditions (Table 2 and None of the Infrapierien micas that we have analyzed record pre-Cretaceous ages; thus it is probable that the mica grew during the Cretaceous metamorphic event, and/or that temperatures of greater than 350øC were achieved during that time. Preliminary study of the petrology of this unit suggests that the metamorphic temperatures were ~350ø-500øC [Schermer, 1989] It is clear from the 40Ar/39Ar and petrographic data that the Ambelakia and Pierien units were metamorphosed at approximately the same time and P-T conditions in the early Eocene, and thrust over the Olympos-Ossa carbonates during or after the middle Eocene. The late Eocene event also produced blueschist-facies assemblages in the Olympos flysch, but the metamorphic pressure and temperature may have been somewhat lower than in the early Eocene [Schermer, 1989] . The lack of oceanic rocks in any of these three units implies that the subduction took place within the continental crust. A similar conclusion was reached by Godfriaux et al. [1988] . The apparent metamorphic "inversion" of higher pressure rocks on lower pressure rocks supports the interpretation of the main fault between the blueschists and the Olympos platform as a thrust fault. Structural arguments developed by Schermer and Burchfiel [1987; also paper in preparation, 1990] and Schermer [ 1989] indicate that thrusting was SW-directed. Thus, we can envision the early Tertiary events as the subduction, imbrication and obduction of the eastern margin of the Apulian plate proceeding from the intemal Hellenides toward the foreland (Figure 11 ).
The present map pattem of the thrust nappes reflects severe disruption by younger normal faults such that, on the eastern margin of the Olympos massif, the contact between platform carbonates of the footwall and slivers of crystalline rocks and ophiolite in the hanging wall is not the original thrust fault [Schermer and Burchfiel, 1987] . Several generations of normal faults are present which bring the highest structural units, the ophiolitic rocks, down on the lowest units. These faults cut out as much as 5-6 km of structural thickness, and also cut Neogene and Quaternary alluvial deposits on the east side of the range (Figures 1 and 11) . Although cross-cutting relations prove that the normal faults are younger than the thrust faults, the precise age of initiation of extensional tectonism in this area is uncertain.
The 4øAr/39Ar data presented here from microcline samples collected near the normal faults provide evidence for the age of extension and unroofmg of the metamorphic rocks. The minimum ages in the microcline spectra cluster around 16-23 Ma, indicating the maximum age of cooling below microcline closure temperatures. The cataclastic textures within these samples are clearly associated with the normal faults, thus we interpret these minimum ages to be the result of a lowtemperature extensional deformation that occurred during the early to middle Miocene. Temperatures appear to have been high enough to cause some Ar diffusion in K-feldspar, with a Tc of ~150øC, but were insufficient to reset the mica ages. The normal faults appear to be partly responsible for the uplift of the blueschist facies rocks at a rate fast enough to avoid reheating by thermal relaxation [e.g., England and Richardson, 1977; Draper and Bone, 1981] .
In a regional context, Neogene extension occurred within an overall compressional tectonic regime as thrusting progressed westward through the extemal Hellenides throughout MioceneHolocene time [Burchfiel, 1980; Papanikolaou, 1984b] . During early to middle Miocene time, extension and subsidence occurred in the Mesohellenic trough to the west of the Pelagonian zone. To the east, the Aegean back-arc basin began to open at ~10-13 Ma [Angelier, 1978] . Thus, during the time the Olympos platform and the overlying metamorphic rocks were being cooled and tectonically denuded, the nearby areas on either side were subsiding. Inasmuch as the extension and uplift of the metamorphic rocks in Greece has not yet been extensively studied, it will be important to gather additional data from other parts of the Pelagonian zone, reexamining nappe boundary faults for their sense of dispacement and studying blueschists throughout Greece to confirm the early-middle Miocene extensional events presented here and their relation to compressional tectonics. During early to middle Tertiary time, a moderate to slow average cooling rate of >3-9øC/Ma below maximum metamorphic temperatures of-350-400øC was contemporaneous with continued subduction. Syn-subduction uplift and cooling probably combined with intermittently higher cooling rates during extensional events to preserve the blueschist facies mineral assemblages as they were exhumed from depths of >20 km.
